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SIMULTANEOUS OCCWBENCES OF LUNAB HALOS AND 
COBONAS. 

By C. F. BROOKS, Meteorologist. 

[Dated: Weather Biueau, Waslungton, Mar. S, 1919.1 

The simultaneous occurrence of a lunar halo and corona 
is not such a rare& observed phenomenon as taliat of a 
solar halo and corona, for the brilliance of the sun is 
adrerse to frequent observation of the solar corona. The 
following note appeared in Meteorological Office Circular.’ 
(London) 21, February 26, 191S, page 3: 

Capt. C. J. F. Cave writes from Btonehengc: “A halo and a corona 
around the moon were visible here at  11 p. m. on February 21. Rippled 
clouds had come up from the northwest about 8:15 p. m. and the begin- 
ning of a halo had been seen when they reached the neiyhborhoorl’of 
the moon; before 7 3 0  the rippled appearance had dissppmred. Init the 
sky was covered with a thin sheet or’ cirro strat.us, through a hich the 
brighter stars could be seen; a rery st.riking halo was virible from this 
time till 11 p. m. About this time a corona also became visililc, t?\o 
red rinq being seen. Almost at the same time art of the lxilo w i a  
hiddenhy 1 0 s  clouds, and in a few niiiiiitm these c h x l  over, anal Imth 
halo antl corona disappeared. Tho phenomunon was very Ntrikiiig and 
must be very rare; two thin cloud sheet9 are necesssry for itr proaliic- 
tion; the u per one must be sufficiently thin to allow cnough light *a 
p m  throu$ to roduce a corona, xiid the loner sheet must lie thiri 
enough not to his, the halo: nioreover the moon must be of sulficimrt 
age to be bright eiiough for the phenomenon to be seeii.’’ 

Capt. Care’s conclusion does not seem to ;ipply 
in two recent observations of mine. At College St,u- 
tion, Tes., September 18, 1915, I made the following 
nobe: “At 10 . m. [YDth Meridian ‘Sumnier’ time] t,lrcre 

A.Cu. clouds), a fine, unbroken halo (due to the snow 
falling from the A.Cu.1, and an annulus (due to the rain- 
drops formed from the melting snow).” -On Fckruary 
12, 1919, a t  Washington, D. C., I hare this n0t.e: “At 
10:30 [p. m. 75th Meridian Time] tho high clouds [Ci.St.. 
and Ci.Cu.1 hac1 thinned appreciably and t,he halo had 
beconic bright colored. There was a corona (singlo ring, 
radius about 3”) a t  the same t.ime.” In this case., also, 
the water-drop cloucls .seem to have been above or in the 
fdling snow which produced the halo, for the t.esture of 
t,he Ci.Cu. elements of t,he general cloud sheet were indis- 
tinct. I n  both cases the moon was two days before lull. 

Thus, it seems that another espla.nat.ion for the simul- 
taneous occurrence of halo and corona is, t,liat the halo 
forms in a sheet of snow which is fallin out of, or through, 

spheres of clear ice,3 and that when an annulus is observed 
with a halo, there is every reason to believe that tho 
falling snow crystals which make up the CiSt. sheet are 
reaching a level where they are melting int.0 fine raindrops. 

was a colored, P arge, double corona (due to the wat,er-drop 

clouds of (undoubtedly undercoole f ) water drops, or 

LUNAB HALO AND PABASELENIC CIBCLE OBSEBVED AT 
COLONY, -0. 

Through the official in charge at Cheyenne, Wyo., Mr. 
Cola W. Shepard, Cooperative Observer, reports that a 
lunar halo- and a araselenic circle were observed at 
Colony, Wyo., on Jp anuary 10, 1919. Both circles were 
complete and very distinct. They were brightest at. . m.,>ut had been visiblc for some time before 
about this,- T e . R. c f .  

I The British Yeteorologicnl OWce Circular Is  primarily o mefm of communication 
lietween the office ond observers. It  is  an octavo leaflet of 4 pp. issued monthly since 
June 1916 
:Ci C h Simpson Coronae and Irldemnt Clouds Quart. Jour. Roy. Met. Yoc., 

Oct., h a ,  ~ O I .  3s; a h  recent dlscusslons in gymodps Yet. Mag., 1917, vd. 52, by 
Simpson, pp. 1;-18, and E. C. Barton, pp. 31-32. 

NOTES ON THE COMPABISON OF ANEMOMETEBS UNDEB 
OPEN-AXE CONDITIONS.* 

By A. NORMAN SRAW 
[Ilated: McGill Cnlversily, Montreal, Quebec, Feb. 8, 1919.1 
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Seciion 1. Introd.ue:ion .-The comparison of anemom- 
etcrv has occupied considerable attent.ion especially 
since the rapid development of neronautics, and the 
accuracy of the ordinary inst,rument.s is fair1 
known. There has, however, been occasional di culty 
in correlat.ing test,s and calibrations made under the 
cont,rolled conditions of the *.wind tunnel” or the 
“wliirling table,” wit,h the practical usage of t,he in- 
stmrneiits in fluctuating open-air conditions. The 
electrical or ”hot-wire” anemomet.er and the kat& 
t.hermomctcr as nu nnenionieter do not appear yet 
to havc rcccirecl t,he est eusive application for which 
the-y are npparentrly fit.tet1, . and rery little attention 
seems t.o have been directed townrd their adaptation 
for use under open-air condit,ions. 

It is the oh’ect of these notcs to discuss some observa- 
t,ions of posaiL1c iiit.ercst. in this connection, which were 
t.nken at. Father Point Esperimentnl Station in Soptember 
nntl C)ct.ohcr, 1917, during the acoustic surreys of Dr. 
L. I-. King. JIctcorologicti! oliserrations ! were required 
in order that tho inilucnce of ntinosplieric structure on 
t,hc propngiitiou nt’ sound mi4 t8  be studied, and t,luough 
tlic kind pcrniission of Sir Preclerick St.upart, clirector 
of t,he Dominion mebcorologicnl bureau, hlr. J. Patterson 
OF t,liat depart,nient joined Ur. King’s >arty and brought 

antl accessories. I t  w:is in rissocintion with 3lr. Patterson 
a t  this time thtit the present writer became int.erested 
in  t.hcse instrunirnts. 

The hot-wirc anem.onieter tests were made a t  the su 
gestion of Dr. King, with his recent.ly developed portab e 
ou t-fit which hail been brought down to the esperimental 
stat.ion. 

The knt.a-t.lieriiiometer was in use by the writer for 
sonie humiilit,y iiivest.igat,ions, and wlien t.his opportunity 
present.ed it.self i t  was thought of interest to test the 
clainis of the designers with relerence to its application 
as an anemometer. 

It should be pointed out that these notes are the rosult 
of observations incidental to another investi a.tlon and 

comparisons were not cont.inued it was thought that 
the were of sufficient iiiterost to he recorded wnth this 

h 

mit,li him n supply of standard metcoro 1 ogical inst.ruments 

T- 

consequently they are soiiiewhat incomplete, a ut as the 

exp I anation. 
.. -. 

* These unws wore made in c.mncclion with work wformed under,the Bus ices Of 
the Honoriry Advisory Cduncil for Scicnlilic an1 In.hustrh1 Reserrch 1u : f+lV3&, who 
very kindl g ~ v c  pc,!psion lor their pii!>licdlion 

I >ee 1.. b. King, The linesr liol-\\ire rnicniorn~ler and Its ;Ippllc$lOnS In tP.ehnkd 
physics,’’ Jour. ].’rank. Inst. J3n. 1Yl’ i  pp. 1-25 where 3 complete llst of referenear la 
p i h .  Also J.  S. G .  Thomk 8*hat-<\ire Andrnometrg ’’ Sci. Am. Sup., Feb 15 
1919, (pp. 1%-1Oi!: and T. s.’ Taplor. ‘‘-4 new typo of hot-wire mcnwmeter,~~‘abaf 
I’h s. IW-. (2nd her.) mi’i FcIJ. lllY (pp. 146-147j. 

ZJfZill, Griflith and Y l x z  “T11h umhwrcnwnt of rhr rstc of heat-lmsat bodv tempel& 
ture by convection, radiation, and ovapor~tioii,” Hul. Trans. Roy. Zoe. Lidon ,  B., 
VOI. ,207, p. 201 11915) 

a T h  mteroloqcai olemalions 3re discus& bv Mr. J. Patterson and the present 
writer In sertiog of J..r. 1.. V. liinfs Report to’the H~mnorory Advjsury Council ob 
Ecientiuc and Industrial ;&search, on * *  ‘I’he ncuustic efficlency of fog-swhdhg, Father 
Point experlmnts, 1917. 
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Sectbn. 2. The: Robilnson cup anemometer com pawti! 
with. yilot bdlOot1.8 under open-air co,iditi.ons.-A com- 
pa.rison between the values of wind velocities determined 
with a Robinson cup anemometer and those calculated 
from observations on a pilot balloon drifting p?s! It. 
is of interest RS a check calibration under conditions 
of ractical us e. 

tests, consisted of thin rubber envelo es filled with 

and a free lift of ahout S grams. They rose, when 
released, with A, velocity of approsiniate~y 80 meters 
per minute. Observations on their m0vement.s were 
made with a theodolite nt the end of each successive 
minute after their release. 

Table 1 gives a comparison between the ayertige 
Iiorizontnl velocities ca.lculnted for t.he first minutes 
of their respective ascents aiid the velocities as deter- 
mined from t.he Robinson cup anemometer on the top 
of the standard 40-foot meteorological tower at  Father 
l’oint. The readings are recorded only for cases whep 

.. the balloons moved during the first niinut.e in 811 ap . rosi- 

The c l!T culation of the velocities aut1 the directions 
were made from the theodolite rea.dings by the forriiulae 

VI = h,cot C, alid 8, = a, + I1 

where VI is the average velocity during the first minute; 
h, is the height at the end of the first minute; G, is tlie 
angle of elevation; 0 is t,he r ‘  true bearing”; u., is .  the 
azimuth. readin ; and b is the correction necessary to 

The Robinson cup readings n1ere obtained from the 
standard instrument and records a t  the meteorological 
station. The recorder gave the value of the wind equal 
to three times the velocity of the cups. This was oor- 
rectcd by Marvin’s formula, 

log I-=. 0’70 + .go1 log ,tq! 

where Vis the velocity of the wind, and 2‘ is t 7 m e  times the 
velocity of the centers of the cups esch espressed in miles 
per 
TABLE 1 .-C.‘oinparisoir between ~\‘obi?bsOn cup and pi101 balloon observa- 

$he pilot b 3 loons, which were employed in these 

pure hydrogen, and had a dead weight o P about 8 grams 

inately straight line and when there was a neg t! igible 
adient in that interval. 

I 

reduce the the0 f olite readings for a to true bearings.‘ 

~ tions under open-air coditions.* 
...................... - . ........ - ... .... 

I 

Date. 
I Robinson cup at 

elevation of 40 
~ feet (corrected 

V U h W J .  i 
.. ... _- ....... 

dfi./hr. Uir.  
Sept. 15,4.3Op. m ................................. 8 NE. 

i a 4 o o p . m  .................................. u W. 
a0:3:a0o.m .................................. 16 NE. 
~ ’ 1 m j . m  ................................. 
d l O . 1 ,  a.m ................................ 
5,1.42p.m ................................. ’ 

10,2.oti p. m ................................. ’ 
Oct. 3:10.208.m ................................. 

10.3.31 p .m ................................. ! 

11; 
11 
21 
10 
16 
14 

NF:. sw. sw. w . 
NE. 
NE. 

Pilot h311ooii 
avcnrKe u? to 

clavation of a p  
proximately 2(io 

feet. 

dfi./hr. Dir. 
a NE. 

1u w. 
l i i  NE. 
14 NE. 
18 8W. 
21 sw. 
10 w. 
lti NE. 
14 NE. 

4 Thegenernloxpwssions for I;, ilnd 8,,. reqiwtiwly. the velocity end dlwctionduriiig 

Vm-{(hn-i cot cn-I)l+(hn cot c,,jx-2 h,,.l h a  rrde,,-i eol c,, CIM (a,.-a,,-i)}$G* and 
en-8i,kqhn cot cn sin (aa-an-d 

the nth mlniite after relcase, ma: 

vi )+h-i+b. 

If it Is desired to consider the whole course or the Ix~llooii it is, however. casier l o  delor- 
nune the values of Yand e by n?king J plan of the p t h  of the balloon from the projec- 
tions o f i t s p t i o n s ,  and then obtaining the succrssi\:e +yes graplueally from it. 

5 For a escdption of this standard otitfit which !s slnnlar to, that adnpled by t!le 
Weather Bureau in the United States. see “Instructions for t!ie installation end insin- 
tenmce of wind measuring and recording appardtua” GirciJsr D, instrument di\-iainn. 
Wwther Bureau, U. 8. Dept. of Agriculture. 
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The letters N, S, E, and W refer in the customary man- 
ner to thc direotioiifiom whioh the wind blows. There 
was no general agreement closer than the nearest mile per 
hour as +en. khoh determination of the balloon values 
was macf’e as in the following sample case: 

c,=21. lo n,=2so feet. 

Sept. 2.5, 4.30 p. ni..-Thcodolite readings: 
~ 1 ,  = 135’ and b = 103”. 

heme I-, = h,cotc*, = 8mis./hr. ap 
8, = ( I  + b = 2 3 i ’ ;  therefore 57” is the 
tion &om which the wind was 

There WLS at first some doubt about the intwpretation 
of these cuives r~nd tlie formula which they represent, for 
balloons as smdl as those iised, especidly as the use of 
Dines’s formula, gave a sliglitlv different value for the 
ns~ei i t .~  This WRS, however. checked by a comparison 
with the results o1)tained with a larger balloon having a 
free lift of nbout 100 g. and a dead weight of about 30 g. 
The assumption of 80 meters per minute for the smaller 
balloons gave approximately the same results for the 
wind velocities a t  given heights as were Calculated by 
means of the larger balloons for which Hergeswl’s and 
Dines’s formulae agreed.* 

Stclion 3. The Rohinson cup nnrmomder compmed uith 
CL s h p l e  Pitot tube ci.nemometsr undei- o pcn-nir condi.iirm.- 
A comparison of the Robinson cu s and the Pitot tube 
under open-air condit.ions, was un c r  ertaken in connection 
with tests on a simple but sensitive form of Pitot tube 
which WRY recuired for t-lie acoustic surveys. It was 

of gustiness, and as a prelimina it. was compared with a 
Robinson clup anemonieter whic x had been st,andardized. 

Two Pitot tubes were employed, and each consisted of 
~1 U tube of about 8 mm. int,ernal diamet.er, with its ends 
bent bot.11 in the same direction a t  right angles to, and 

desired to test t ’I ic suitability of the tubc for the indication 

in t.lic same plane as, the U part. 
and the other was tip ed with a polisA,ed brass 

iiider were sis sniall holes each sliglit.lv less than 

One end 

liming a closed conica P end. Around tlie side of 

meter in diameter. The U was half filled with gasoline 
and was mounkd on a &and which could be tllted to 
any tlcsircd angle. in order to inc.rease t-he sensitiveness 
for low vdocities. 

v a  = 2P/p 
deduced for this type of Pitot tube from Bernoulli’s 
theorem for st.ream Sine motion in fluids-where V is tho 
velocity of the wind, P thc ressure (in absolute units of 

mtiy bc applied in t.hc iiiterpretiltion of t.hc observations.g 

It is now generally accepted t,liat, the foimula 

force) on the open side, anc P p t,he density of the air- 

. - - 
6 Herressel. S i x i h o  Reunion de la ComnuJsion Inteimtiomle DOUr 1’Aerostatioii 

Scientifltjiie iw. ~ ~ 

tlia weiuht. 
: ‘I‘hofordule I3414 Wwhere I’is the wlwitv k aconstmt. L thefrcolift and S; 
8 .\ d&ussion nf A&ricui methods of reducing piIot-lhi11ooii observations will appear 

Dines’s Meteor. Ofi. London Pub. d o .  202. p. 27. 
.. ~~ 

in an mrlv issue of the REVIEW.-EII. 
Y 1Ii.nsdker “Tlie Pitol tube un 1 the imIinT$ iuanoiiieler:’ lmilhwnlan Publimtlon 

So. 2 3 ~  p. 57 (1Y16.1; Ilminwell and Pag~ .  un tltr dvttwuinailon of the pressure- 
rclwilv cm;lant for a Pitot (velocitv-liead an.J static-pressure) tube ” Tech. Rep. of . 
i lw  .\Jv. Coin. for Aeronautics (Brit.), 1912-lq. p. 35; IZoase, 6tPiiot tubes for gw 
iiit~~iiri~incnts.” Pro. Am. Sw. h h h .  En&, April, 1913, p. Ii40. 
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Final 
mean. 

(r! 

CJr. I f h i .  
2 . 5 .  2.s 
8.11 i 4. I 

-.-- 

8.4 I 2.l\ 
?.: I L.3 
2.b ! ?.I\ 
?.E: 2..i 
2. ti I a. ti 
L . 5 !  2.15 

2.0 i  P.L! 

f.2 ’ 2.1 

F.3 : ?.4 

Let v =  h e  velocity in miles per hour.*O 
 the reading in cm. of t,hc gasoline on ant! 

side of the tube, i. e., the distance froin 
the scale zero. 

a= the density ?f trhe gasoline in grams per C.C. 
g= t,he gravitational acceleration constant. 111 

Thus tjhe “head” = 2 r.  

cm. per sec. per sec. 
A =the angle of slo 

we get- 

Average 
velocity. 

(&=l.ilr) 

M./hr. 
-- 

20.0 
21.8 a. 2 
19.8 19.8 
1‘J.B 19.8 19.4 
18. H 
I?. 8 
18.0 
1Y.O 17.R 

- 

r a g 8i.m A ___ 0’ = 0.00200 
P 

In our case d = 0.75 gm./cc., g = 980 cm./sec.a, sin A = 1 32, 
and p=0.00129 gm./cc.“, hence the formula reduced to 

v’= 151 9’ 

Awra?c wad- 

cjhsrrvatlms. I half a minure. 

i in: of Pitnt 
I tube diirin: 

’ frj 

-- \ 
1 rm. 
; (ritot xo. I )  

1 ................... I 2.8 
? ................... 5.1 
4 ................... 

4 . .  ................. 1.1; 
1 (Pitot Xo. 2) 

5 ................... I 2.1; ! 
ti ................... 1 2.R 
7 ................... 1 2.ri 
R .................... ?.A  ’ 
9 ................... 1 1.6 

Averam velo- 
city of win 1. 

m 
?ll 
21 
21 
19 
19 

154 
154 
170 
1’10 
145 
139 

i (l’itol Yn. 1) 
IO. .  ................. I 2.1 
I I . . . . .  .............. ! 2.2 
l? ................... I s.4 
13.. ................. \ 2.11 I __I-.- . .................. 3 1  ................ i 111 t.he same  ray folmdae coilld be deduced for m y  1.1 I- I *II? j _.-I-_ 11-6.5 I-- --’ 

particular slopes and densities. -!Tee t.wo Pitot tubes .~ &rem.. ... .....I.. .............................. .............. .) 152*2.4 * 
were used in the comparisons, and t,he average readings 
for them during successive half-minute periods are given 
in the second column of Table 2. The met.liod of aver- 
a ing is discussed in the aragraphs followjng the table. 

from these by the formula given. The t.wo tubes were 
com ared previously, in a fluctuating wind, and the tops 

found to keep very closely hi line. Occasionally t,he 
free period of vibration of the gasoline affected the rend- 
irigs momentarily by as much as 1 cm., but t.his was in- 
frequent and was apparently quickly damped. It was 
t.houg1it that damping devices could readily he int,rorlucc.il 
which would elimmat.e t,his entirely. 

In the fourt,h column-of the table the velocit.ies as tie- 
t.erniined from the Robinson cups are given. 
were mounted near the tubes, and the recording att,ac 1- 
ment was arran ed to tick off on a chronograpli ewry 

wind during each half minute was measured off aftcr- 
wards from the chronogram and correct,ed by Marvin’s 
formula. 

In  the last c.01umn of the table the const.ant of the 
Pitot tubes is given as calculated in each case indepcnd- 
eiitly in terms of the Robinson cup values, with t.he shs-  
factory average result shown. It is somewhat oi an in- 
version t.0 express an absolute method of meusure.nient in 
terms of an empirical om, but it was of int,crest here to 
determine the constant, of our Yit.ots in terms of a stanti- 
a.rdized instrument. 

T%e velocities given in t.ie P next column are calcdat,ed 

of t. g e corresponding liquid columns in each tube were 

cup. 
qiiart.er of a m 3 e of wind. The average value of the 

10 acMil?s pcr hour” was conqiidered NOW convcnirnt t.han  meter.^ prr seis.” I W P ~ I I : ~  
tho aw.nr8cv of the results mas of the orkler of I mi./hr..and 11iPse  cnits wen‘ :i:w inrm 
convenient in other parts of the invertipatinn. 

1 1  The avcrage density was calculated from the formula for moist air 
;=0.00161 (B-0.37s I,)! T 

where B= t.ha baromclnc reading in mm.. I =  the atniirrj]iBerb aqiieous vapor prtwire 
in mm an1 T-the abmlute temnprature. On the ocmsiun of tlie nlmrrstions r+ 
cor..ed‘iiere B=770 mm.. T=355 A ani  p-4.16 mm. H n-as nbrainxl froin llie 
nxar-by mefeoroloplrsl station. an.1 ?ani I were deterndllrd s l t h  stnn’ard inirru- 
mmts-at tho place of observation, the nverugi being taken of reulines ol)tiiiwd Ixdow. 
durinr, an1 aftor the tests. 

15 
1R 
19 
17 

19 
IS 
1s 
17 

IS1 
147 
135 
145 

I This olwrrnlion w m  I:km 3t a diffewnt tirnr. 
2 It was tllo!rplit that t!le “prirLrahlr error.” -+2.4 could be mrntiond rrasonahly 

rvrn a.ith onlr 13 nliwrvationr. Iwrau.;e r!icrc art! ju;t ns ninny Robinson cup read& 
nhorc ne brloi\- th? iii~in, an 1 thc prnhal?ls Crmr of any one rcarlin: is less than 6 per 
wnt (;t8.6). (ncssrlb formiiln was IWII.) 

St&i.~?i. 4. Notes 011. 17ic u,sc of Q &m. It? Pitot tubr.for the 
unalysis of gu,.vfin.rss.-It was soniew a t  difficult to et 
the average Pitot. reading during IinJf a minut.e, as t e 
movernciit,~ of the gasolene were sometimes momen- 
tarily errat.ic and rapid. As the gi1st.s were approxi- 
ni:tt,el;y periodic the following metshod was adopted: 
Tlie mnsinium and minimum readings during the half 
minute were recorded and t,lieir inenn taken, also the 
1iiea.n posit,ioii of tlie liquid was est,imatcd by another 
observer and the inenii of t.he two rt.su1t.s was tnken as 
represen t,iiig approxinia t,elv t.he arerage readin . The 
figures in Tablc 3 sliow the T-ariations obtainec f in the 
case of t81ie observations for the Pit.0t.s in Table 2; they 
give an indicat.ion of t41ie sensitiPeness of the instrument 
to fluctuat,ions nncl show t-lint it  could readily he adapted 
to the study of gustiness. 

TABLE 3.-Flricluatwirs of .!.lie Pitot &&&e readiqs during LhelrnE f-minutc 
Blervals. 

5 % 

- 
1 ...................... 
2. ..................... 
a. ..................... 
4 ...................... 
6. ..................... 
6. ..................... 
7. ..................... 
s ...................... 
D ...................... 

10.. .................... 
11 ...................... 
12.. .................... 
13.. .................... 

4.0 j 1. I 

4. .i 1.0 
3.5 

3.01 0 . 6 1  
4.0 I 1.0 i 3.2 1.0 I 

imnru. 
---I. 

Cm. I . 
8.1 I 
1.2 i 
2 . i  I 

P.S  
2,s i 
?.8 ~ 

a. I 
?.l : 
2. ti 
3.0 
1. R 
2.5 ~ 2.1 ~ 
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It will be seen that in several cases the estimated 
mean readings are hi her than the average of the niaxi- 

accuracy of estimation and the magnitude of the fluctu- 
ations due to occasional free vibration, were sufficient to 
cause discrepancies of this kind, and the two deterniina- 
tions of the mean were made only for the purpose of 
obtaining a more reliable final mean. 

Coml>aring the mean gust velocity calcula.ted froni the 
niasimuni readings (viz, 34.2 mis./hr.) a.nd the inenn lull 
velocity calculated from the minimum readings (viz, 12.5 
niiJhr.1 with the mean of the Robinson cup readings 
(viz, 10.6 mi./hr.) we get, for the period of our test t,liat 
the mean gust velocity is equal to 1.23 21, and that, tho 
mean lull velocity is equal to 0.65 v where t! is the mean 
velocity determined from the standardized cups. The 
extreme gust velocity w!s 1.4 c and the estrenie lull 
velocity (with t.he except.ion of observat,ion No. 11) wcis 
0.60 ??.I2 Tlme two latter values arc? too large because no 
correction has been niade with reference t.o the dynamics 
of the vibrat.ing column. The estrenie readings would 
he affected appreciably on this account, but the corrcc- 
tion could be ascertained. 

Considering the fact, that. no recording or dnmping 
device was introduced, t,lie general consktencv of tllc 
figures in the table is perhaps more remarkable than i+ at 
first apparent.. It, should be noted that the probublt* 
error for a single mean by either met.hod aniouiits to 
much less t.hsn 1 mile per hour in the calculiit,ed vc1ocit.y. 
The extreme difference obtained in the unesplained 
variation of observation No. 11, amounts to 3 nii./lir., 
and there were only two other cases where the differenccq 
amounted to 2 mi./hr. In  Table 2 i t  will be seen tha.t 
the mean values for the wind during t.he whole test were 
in complete agreement for both types of instrument. 

These tubes were used very successfully for recording 
the number of the gustu in a given period, as well as their 
comparative range mid approsininte velocit,y. A suni- 
niary of some results obtained in this U-AQ is given hy 
Mr. d. Patterson, and the present writer in a section of 
Dr. L. V. King's Report.Is Checks were made on t-hii 
method of indicating t-he frequency of gusts or double 
fluctuations of pressure (1) by watching the behavior of :I 
small t,et,hered pilot balloon, (2) by comparing with thc 
re.cord of a Dines's mic:robnrogry,h, and (3) by counting 
the successive dark regions which were caused on thr 
surface of the wa.ter on a dtiy when the gustiness was w r y  
marked. 

Section 5.  The hot-wire a:nemometer wider opeit-ii b. coli- 
di.tim.-In his work on the linear hot-wire anenioniet,er, 
Dr. L. V. King describes a satisfactorv portable form I' 

with which precision measurements o€ both regylar and 
turbulent flow can be performed to a much higher order 
of accuracy than can be obtained with any of the ordinnry 
instruments. This outfit was brought down to Father 
Point and it hnd been hoped to test it. thoroughly under 
open-air conditions wit.h reference t.0 its possible use in 
the study of gustiness and other prol)lems of atmos- 
pheric structure. Unfortuiiti t,ely, owing: t.o bhe press of 
the main investigation, there. was not tmie even t,o corn- 
plete a series of comparisons with t.he ot,her anemoniet.er;i. 
A preliniinary test, was, however, carried out,: and it wa* 
sufficiently suggest<ive to justify these referencei here, 

mum and minimum, % ut  i t  must be understood that the 

A fair agreement was obtained. 

I t  Corn a n  t h w  fourvnlueswiiSh thercnulta (1 2 v 0.75 u. 1.3 I'. and O . k  I-. re~pectiwlv) 
given by%'. X. Shaw, In Re ort of the Adv. Cob. fir -4eronuulic-J ( k i t . ) ,  IQW-10, p. g7; 
ais0 Q. C. Simpson in Y. 0.Bu6. ISO, p. 37. 

aad lead to the opinion that a method so promising 
should at  once be recommended strongly for further de- 
velopment and ap lication. 

out," and the extreme sensitiveness, were the only ap- 
parent disadvantages of the instrument for open-air 
work, and the3e were apparent because t,he apparatus had 
been ta.ken outside just as it, was, although designed for 
specin1 laboratory tests. It is evident that. disadvantages 
of this t,ype should not present insuperable difficulties. 
The advantages that were immediately noted were 
st,riking. For sensitiveness and resolving power in in- 
dicating fluct,uations, and for general range (provided 
that. alloulance was made for the influence of the atmos- 
pheric temperature on t,he constants of the instrument) 
it far surpassed the other instruments, while in regard to 
ticcuracy and freedom from error there does riot seem to 
he any reason why precision results may not. be obtained 
of the same order as those found generally in elect,rical 
mc!asurenien ts. In t,he field of aeronaut,ical engineering 
the mc.thod should prove to be a most, valuable nicl. 

The calibrat.ion curve for these instniment,s is of the 
form 

where V is t.he velocity of the flow, .i is the electxic current, 
and A and B are constants which can be deterniined j5 

wit.h accuracy, either directly from theory or by esperi- 
nientd ra.librat.ion. In the case of the pa.rt,icular wire 
used at  Father Point (No. 23 of Dr. King's calibrated set) 
t,he formula was 

where F is the velocity in mi./hr. and i is the electric 
current measured in amperes. 

The figures iii Table 4 illustrate the type of observa- 
t,ion obtainable. These readings were taken in 14 
niinutes as shown and were recorded each time the am- 
meter needle assumed t,empora.rily a new mean position. 

TAHLE .I.--Obscrratb~9bs in the open air with the hot-wire airenionieter. 

The fragility of t R e wires, the danger of their " burning 

1'- 8 3  (iz 

T'=3.34 (F-0.715)' 

I 

velocity. 
V=3.24~.i?--0.715)' 

'Pinit*. 

- .- I __ - 
Ampfrca.  I MiJAr. 

3.31 p.m .._......_....... I 1.51 I 7.9 
i 1.47 : 0.X 

1.46 8.5 ! 1.45 1 6.2 
3.3i p. in. . .__.__.. . . ... . . 1.41 i 5.3 I 1.34 3.7 
3.3Xp.m ..__._..._.._.... ! 1.34 I 3.7 

. 1.35 ! 4. n 

I 

:j..I?p.In _.._...._.._._._. i i.w ! 3.6 
8.1 
6.5 

5. 2 

5.44 p m . .  . .. . . ... ._._... ! 
! 

The average velocity 
lor ball-minute pe- 
riods varied born 3 
nd./hr.up to7 rnI.!hr. 

5 mi.ihr. 

There was no object in making a closer comparison with 
the Robinson cup. since the hot-wire rea.din were mean 

readings were obtained only 11s averages for half-minute 
periods. A comparison of edf-rrcording instmnients of 
this type with others must be ei-fornied before a, com- 

anemometer ran be made. 
Some simple tests of sensitiveness were niade hy blow- 

ing and fanning at  mrioua distances from the hot wire, 
and t.he clninis of it,s designer in this respect appear to 
he jiistitiablr.. A further test made in coinparison with 
the hta-thermometer is nieiitioned in the nest sect,ion. 

values for short intervals of time while the f? .obinson cup 

plete estimation of t,he value o P the open-air use of this 

11 Loc. cit. 
1 4  I.. V. Kin loc. a t  see 9 for h o t ~ p h  of outfit. Alsu %e 1,. Y. King. .'On the 

convection of k a t  from)sma~'cylin8ars In R stream nf fluid: 'Llrterminntion of the MI!; 
vettion constants of small platinum wires with application to hot-wlrc snemonictry 
Phil. Trans. Roy. SOC. Lon. vol. 214, p. 404 (1914). where a full treatment is give;. 
and plates shown in illustretlm of the apparatus. 1' Ai shown by L. V. Kinn. loc. clt. 
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Section 6. The kata t h e m m t e r  w e d  a8 an. anemom- 

eter.-The theory of the dry-bulb kata thermometer 
considered as an anemometer, is similar to +at of the 
hot wire; in each case the Telocity IS obtained from 
observations depending on the rate of cooling of a hot 
cylinder. In  the kata thermometer, however. the dif- 
ference in temperature between 36.5' C., the average 
temperature of the bulb, and the surrounding air ;Is 
such that the constant of the instrument varies nppreci- 
ably with it and readings can be considered acciiratc only 
for low velocities; while in the case of the hot wiretlre 
difference is so large that for many ordinary purposes t.he 
constant may be taken as independent of the surrounding 
temperature, although the correction can be readily 
calculated when wanted. 

The formula, V=A( i2 -B) ,2  given above for the hot 
wire becomes, since H varies as i', 

v= a(H-  b y  
where V is tho velocity as before, N is the hetit. lost in 
millicalories per square centimeter per scc.. and u and 
b are the constants for the instrument and tlic particii1:lr 
units chosen. The constants aTe redly functi?iis of 8. 
where B =  (36.5 -11°C. nnd t"C. IS the surrounding tem- 
perature. It can be shown that a = cle? and b = (18, where 
c and d are the remaining constants, and therefore. that. 

. ScCOndS. 
19.6 

lJ3.8 
23.8 
10.8 

A full treatment of the theory of the instrumelit wid 
its use is given by its and for the type med 
a t  Father Point!, they give the e untion H/B=0.37+ 

with V in mi./hr., beconies 
0.36 V" where F' is in met./sec., whic 7 1 in the above for111 

mne./sce. i mi./Ar. 1 ml./hr. I 
2(L6 31.8 8 5  : (I 1 Nwr Robinson 

! ' cup No. 2 at ! elevation of (I 

2i.8 31.8 6.3 6 j 110. 
21.9 31.8 3.1 3 I Do. 
15.1 2% 9 8.4 10: T op of 40-lUOL 

, feet. 

met. tower. 

F'= 17.2 (:-0.27)2 

In  Table 5 a number of ohservat.ions are shown which 
illcstrate the readings obtainable under open ' 2' IT con- 
ditions. The value H wiis obtained in the usual way 
by observing the time of cooling in seconds from 100" E'. 
to 95' F. with a stop watch, and dividing this into the 
katafactor, which wns 523 for our apm-atus. The 
bulb WRS heated convenieiitly before o t servation by 
means of hot water carried in a thermos bottle. I t  wits 
importaiit to screen the bulb from direct radiations. 
TABLE 5.-Obseri~aiions uith tire dry-bulb kata thernunnefer used ua R I ~  

anemometer u d r  open-air condilions. 

I 

I 
i 
I I ' 

1' Hill Grimth and Flack, loc. cit. 
1; 13 &hr. on'wloot tower, f rmle away. 
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As these Robinson cup readings are averaged over 1 
minute intends,  while the kntu reading are averages 

could he expected. The results are sufficient to demon- 
strate the apparent vnlue of the inst-rument for. obtaining 
the averrige wincl velocity duril!g the time of observation. 
A coilstant-temperature, electrically-heated bulb of this 
kind, arranged to self-record would probably be a valu- 
able nsset in many prncticnl problems of anemometq. 

The kata was also compared direstly with the hot wire. 
In Table G, the first column gives the value of V cdcu- 
lated as in Table S, from the kata thermometer, and the 
second column gives the various vduea of 1' during the 
period of the kata observation which were obtained with 
the hobwire instrument as in Table 4. The third 
column gives the mean value of the groups in the second 
column. 

TABJ,E B.--Comparison o j  %@fa themomeitv aird hot-iviru m~eniomcler 
wider open-air conditimu. 

over the number of seconds shown, no c P oser agreement 

...... .... .... - -- ... __ . ..... - .............. 

............................................ 
I 

1 

2.. ......................................... 
3 ............................................ 

4.. ......................................... 

a. 7 

.- __ - 

I The readings in this case mere not simultaneous. 

The webbulb kata thernionieter wa5 also tried as an 
anemometer, but in the few tests made, was found to be 
much less satkfactory in open-air conditions. This is no 
doubt due to the extra evaporation factor, and there 
were indicdons that a correr.t.ion might. be needed in 
t,he forinula which wtls 

I t  is rlesirnble that t,he matter should be esamined 
further before the observations can be satisfactorily 
intmpret,ed. It is of some import,anve herause if the 
formula had t.o be modified it would affect, also, the 
ordinary inter ret,ation of the "conifort factor'' in cases 
of strong win (P or estrenie drafts.* 

Sec. 7. AtldiEionul rcm.u.rh-e m d  mtnma.ry.-A small 
turbine vane which had previously been calibrated .in 
terms of a standard inst.rument was also tested in con- 
iiei.t,ion with one of the esperinientu. It gave under 
open-air conditions, the same results to within 1 mi./hr. 
as the Robinson cups and the Pitot tube, for averages 
taken over a minute. Tests were made on dopities up 
to 10 mis./hr. 

In  testing any of these instruments it was noticed that 
in gusty weat.her, it was essential either that the instru- 
nients compared, should be situat,ed very near to each 

18 Thc formula hen by Hill Griffith and Flack loc clt p 212) for the wet kata 
thermometcr\vas ~=(0.2!+~.38'1.1/?)B+(8.~+O.Flg I ' h  (F-&i where V i s  In me-. 
I1 and B h a w  thr  same srgn1lic3nee as lwfure, F IS tho max. vapor pressure In mm. at 
36.5' C. andj is the cristing vapor pressure in mm. 

*Inter:reJtiiig discirssiwla of the measurement or bodily comfort appeared in Nuturr. 
Londui 191.5 vol. 9% L llill "Healthv iatluos heres," pp. 2Oj-#)i.wntalnspictims ?f 
the katn'tlisrinometer jrhd calwtnetcr: 5. R. Mifile. "Man's true thermal e~nrronment, 
1,. 2.59, discussrs Hill b article and dnscrilies a "psorhr.iinometer." an instrument to 
mixiwro conlirlg: t i .  W. 4 ;r;lbism's rliacussion 01 the inapplinlility of the psuchrain- 
ometcr to i*ondilimir in the tropics. iunl Milne's rrp l~are  on 1 ~ ~ 1 5 1  and 5ox. In the 
Sricnli'fre A m&c,1?#, Nay ,s 1916 p. 4.31 there is a sloriml ( IWU~SIM,  ''Measur- 
*tmnsphrrir romhrt." Aiiswo&it ut e&iinents with "The kata thermometer as B 
me3sure 01 thr cl:ect of :itinusyharie conditions iipon bodily romfurt, was published 
lnv C. E. A. \Vilalowin Scirncr. New York. lYlti, hr.S., Vol. 13. pp. ilD71Y: and asomb 
\<hat riurilnr one hy A. N. Yhnw in Trans. Roy. Sor. Cbnida, 1917. vol. 11, pp. 121-127.- 
C. F. B. 
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other, or that the average should be taken over a time 
which was at  least five t.inies longer than the period 
between usts. 

It wasqound throu liout that comparisons of this kind 

seemed to be traveling as cylindrical eddies with on- 
zontal axes. If the axes were tilted or vertical, the ostra 
fluctuations in direction rendered the readings much 
more erratic and difficult to interpret. Near rominent, 

very marked. 

8""" were niare trustwort a y on occasions when the 

topographical features, or buildings, such e f! ects were 

of 40 feet and those cal(:u P ated from observations on a 

SUICIY.4RY. 

1. comparison between t.he wind velocities deter- 
mined with a Robinson cii nnemoniet,er a t  an elevation 

pilot balloon drift,ing past it, showed a verv satisfactory 
agreement between the two met.hotls of ob.. scrvation 
under open-air condit,ions. 

work, and t,akes great leasure in recording his indebted- 

Bider for his kind assistance in taking simultaneous 
observations. 

ness. It is also a peasant P duty t.0 thank Lieut. E. 

SOUTHEBN CALIFOBNIA WWDSTOBM OF NOV. 24-26, 1918. 

By FORD -4. CARPENTER: Meteorolcgkt. 
[Dated: Weathcr Bureau, Los Ailgelas, Feb. 6,1919.1 

During November, 1918, southern Cnlifornia experi- 
enced the heaviest wind for more than two score years. 
The highest wind ever recorded since the establishment 
of the wen ther service in southern California occurred t i t  
Mount Wilson during this w-iiid storm, when the anemo- 
meter registered 90 niiles n n  hour. 

The article by Special Meteorological Observer W. Y. 
lloge clescribes thc beginning of this three-day wind and 
its eflectr, and his accompanying photograph of tlie 

Fro. I.--Weather maps showing sriccessive positions of the southwestern cyclrme. 5 a. m. (120th Yer. time), Novemher ?3,31, and '25, 191% 

2. A simple Pitot tube, which could be constructed 
with ease in any laboratory, was tested under open-air 
conditions and found to give satisfaTtory results with 
the theoretiral formula vz = 2P/p. - 
between the mean gust velocity, the mean lull velocity, 
and t,he mean velocity could be satisfactorily investigated 
with a Pitot tube of this type. 

4. The linear hot-wire anemometer as developed by 
Dr. L. V. Ring was t.est.ed under open-air conditions and 
a penred to be the iiiovt promising of anemometers from 
t R e standpoint of rerision. The claims of its designer 
seem to be justifiez 

5.  The kata t,hermonieter which was used as an ane- 
inometer for various velocities up to 20 mis./hr. was found 
to give results in accordance with the other instruments. 

Very many thanks are due to Dr. L. V. King for mak- 
ing these incidental t,ests possible while using the instru- 
ments for the acoustical investi ation. To Mr. J. Pat- 

tunity to acquire experience and interest in nieteorological 

3. Its use for the detection and measurement of 
ness was demonstrated. It was found that the r er ation ti 

terson t.he writer is especially % t ankful for the oppor- 

anemometer sheets shows the steadiness of the wind. 
The damage inflicted on the forest of Mount Wilson is 
well shown by his photograph (fig. 3)  and may be du- 
plicated in many portions of the forest reserve. Shortly 
after this storm my work took me into the mountains 
and I found many of tlie trails partially blocked by 
fallen timber. 

The weather map of the morning of November 23 
(fig. 1) showed a +ell-developed low area enterin the 

by the district forecaster stating that a nioderrtte to  
westerly gale would occur within the next 13  ours. The LOW rogressed slowly eastward iving 

Like ninny disturhunces of this character, the LOW dis- 
integrated nfkr three days of life; the weather 11iap of 
the 25th showing tho last distinctive forintition of tlie 

In order to show that the wind of November 23 w-as of 
unusual strength it is only needful to compare the curve 
of hour1 velocity of that da with the mean hourly curve 

southwestern Pacific const. Storni flags were or i ered 

northwesterly gales t P irougliout southern Cali B ornia. 

LOW. 

of tlie w Y iole month. (See d g. 3.) The mean hourly re- 


